The 5-HT indirect agonist, d-fenfluramine, attenuates cue reinstatement of extinguished cocaine-seeking behavior. To investigate the role of 5-HT receptor subtypes in this effect, we examined whether the attenuation is reversed by either a 5-HT 1A , 5-HT 2A/C , or 5-HT 2C receptor antagonist. We also examined the effects of the antagonists alone on both cue and cocaine-primed reinstatement. Rats that had been trained to press a lever for cocaine (0.75 mg/kg/0.1 ml, i.v.) paired with light and tone cues underwent daily extinction sessions during which responding had no consequences. We then examined the effects of WAY 100635 (0-1.0 mg/kg, s.c.), ketanserin (0-10.0 mg/kg, i.p.), or SB 242,084 (0-1.0 mg/kg, i.p.) with and without d-fenfluramine (1.0 mg/kg, i.p.) pretreatment on cue reinstatement. Subsequently, we examined the effects of the antagonists on cocaine-primed (7.5 or 15.0 mg/kg, i.p.) reinstatement. The 5-HT 1A antagonist, WAY 100635, failed to alter cue reinstatement, but attenuated cocaine reinstatement. Conversely, the 5-HT 2A/C antagonist, ketanserin, attenuated cue reinstatement, but failed to alter cocaine reinstatement. The 5-HT 2C -selective antagonist, SB 242,084, did not alter cue or cocaine reinstatement, but was the only drug that reversed the d-fenfluramine-induced attenuation of cue reinstatement. The findings suggest that stimulation of 5-HT 1A receptors plays a critical role in cocaine-primed, but not cue, reinstatement. Furthermore, 5-HT 2A and 5-HT 2C receptors may play oppositional roles in cue reinstatement. The SB 242,084 reversal of the d-fenfluramine attenuation suggests that stimulation of 5-HT 2C receptors inhibits cue reinstatement, whereas the ketanserin-induced attenuation of cue reinstatement suggests that decreased stimulation of 5-HT 2A receptors inhibits this behavior.
INTRODUCTION
In humans, cocaine and cocaine-associated stimuli can elicit incentive motivation for cocaine that may manifest as craving and may contribute to maintenance and relapse of cocaine abuse (Jaffe et al, 1989; Wallace, 1989; Rohsenow et al, 1991; Ehrman et al, 1992) . Incentive motivation for cocaine can be studied in animals using the extinction/ reinstatement model (de Wit and Stewart, 1981; Markou et al, 1993; Fuchs et al, 1998) . In this model, animals that have been trained to press a lever for cocaine reinforcement subsequently undergo extinction during which responses have no scheduled consequences. Rats are then tested for reinstatement of extinguished cocaine-seeking behavior (ie operant responding in the absence of cocaine reinforcement) elicited by cocaine-conditioned stimuli or cocaine priming. Reinstatement of cocaine-seeking behavior is believed to measure incentive motivation for cocaine elicited by these stimuli (Stewart, 1983; Robinson and Berridge, 1993) .
The role of 5-HT neurotransmission in reinstatement of cocaine-seeking behavior is unclear and may vary depending on whether cues or cocaine are used to reinstate cocaine-seeking behavior. Manipulations that decrease 5-HT neurotransmission attenuate cue-elicited reinstatement of cocaine-seeking behavior, but enhance cocaine-primed reinstatement of cocaine-seeking behavior (Tran-Nguyen et al, 1999 . Paradoxically, manipulations that increase 5-HT neurotransmission, such as the indirect agonists fluoxetine or d-fenfluramine, also attenuate cueelicited reinstatement of cocaine-seeking behavior, but do not reliably alter cocaine-primed reinstatement of cocaineseeking behavior (Baker et al, 2001; Burmeister et al, 2003) . The nonselective 5-HT 2 receptor antagonist, ritanserin, fails to alter cocaine-primed reinstatement of cocaine-seeking behavior (Schenk, 2000) ; however, more selective 5-HT 2 receptor antagonists have provided opposing results. Specifically, the 5-HT 2C receptor antagonist, SB 242,084, enhances cocaine-primed reinstatement of cocaine-seeking behavior, whereas the 5-HT 2A receptor antagonist, MDL 100907, attenuates cocaine-primed reinstatement (Fletcher et al, 2002a ). The 5-HT 1A receptor antagonist, WAY 100635, also attenuates cocaine-primed reinstatement (Schenk, 2000) , but has no effect on cue reinstatement of cocaineseeking behavior (Cervo et al, 2003) . The effects of 5-HT 2 receptor antagonists on cue-elicited reinstatement have not been reported previously.
The present study examined the effects of WAY 100635, ketanserin, and SB 242,084, 5-HT 1A , 5-HT 2A/C , and 5-HT 2C receptor antagonists, respectively, on reinstatement of cocaine-seeking behavior by cocaine-paired cues or cocaine priming injections. The present study also examined whether the respective antagonists could reverse the d-fenfluramine-induced attenuation of cue-elicited reinstatement that we reported previously (Burmeister et al, 2003) .
MATERIALS AND METHODS

Drugs
Ketanserin, WAY 100635, and d-fenfluramine (Sigma Chemical Co., St Louis, MO) were dissolved in bacteriostatic saline. SB 242,084 (Sigma Chemical Co.) was prepared fresh for each test in bacteriostatic saline containing 8% hydroxypropyl-b-cyclodextrin (Sigma Chemical Co.) and 25 mM citric acid (Sigma Chemical Co.). Respective vehicle solutions were administered to controls (ie 0.0 mg/kg dose) and injections were administered at a volume of 1 ml/kg. Cocaine hydrochloride was obtained from RTI International (Research Triangle Park, NC) and was dissolved in bacteriostatic saline and filtered through a 0.2 mm filter.
Animals
Male Sprague-Dawley rats weighing 250-325 g at the start of the experiments were individually housed in a climatecontrolled colony room with a 12-h reversed light/dark cycle (lights off at 0600). Housing facilities and care of the animals were in accordance with the conditions set forth in the 'Guide for the Care and Use of Laboratory Animals' (Institute of Laboratory Animal Resources on Life Sciences, National Research Council 1996).
Surgery
Animals were handled at least 6 days prior to surgery. Implantation of intravenous catheters with head mounts was performed under anesthesia with sodium pentobarbital (50 mg/kg, i.p.; Sigma Chemical Co.) administered 5 min after pretreatment with atropine sulfate (10 mg/kg, i.p.; Sigma Chemical Co.). Surgical procedures were performed as described by Neisewander et al (2000) . Catheter patency was maintained by daily flushing with a solution of 0.1 ml bacteriostatic saline containing heparin sodium (10 U/ml; Elkins-Sinn Inc., Cherry Hill, NJ), streptokinase (0.67 mg/ ml; Astra USA, Inc., Westerborough, MA), and ticarcillin disodium (66.7 mg/ml; SmithKline Beecham Pharmaceuticals, Philadelphia, PA). Proper catheter functioning was verified periodically throughout the experiments by intravenous administration of 0.03-0.05 ml methohexital sodium (16.6 mg/m; Jones Pharma Inc., St Louis, MO), a dose sufficient to briefly anesthetize the animal only when administered i.v. The rats were allowed at least 5 days recovery before the initiation of self-administration training.
Self-Administration Training
Cocaine self-administration training took place in operant conditioning chambers (28 Â 10 Â 20 cm; Med Associates, St Albans, VT) equipped with an active and an inactive lever, a cue light 4 cm above the active lever, a tone generator (500 Hz, 10 dB above ground noise) and a house light located opposite the levers. Each operant conditioning chamber was housed within a larger ventilated soundattenuating chamber. Infusion pumps (Med Associates) were connected to liquid swivels (Instech, Plymouth Meeting, PA) located above the chambers. The swivels were fastened to the catheters via polyethylene 20 tubing encased inside a metal spring leash (Plastics One, Roanoke, VA).
Cocaine self-administration training consisted of 18-28 daily, 2-h sessions during which rats were trained to press the active lever to obtain a cocaine infusion (0.75 mg/kg/ 0.1 ml, i.v.). Training sessions took place during the animals' dark cycle. To facilitate acquisition of cocaine self-administration (Carroll et al, 1981) , animals were initially restricted to 15-20 g of food/day beginning 2 days prior to training. They remained food restricted until they met a criterion of seven infusions/hour on a fixed-ratio (FR) 1 schedule of cocaine reinforcement for at least 3 days. After animals reached this criterion, they were then given access to food ad libitum in the home cage throughout the remainder of the experiment. Animals progressed from an FR 1 to a variable-ratio (VR) 2 and then a VR 5 schedule of reinforcement. All rats received a minimum of five sessions on each schedule. Schedule completions on the active lever resulted in simultaneous activation of the house light, cue light and tone generator, followed 1 s later by activation of the infusion pump. The 0.1 ml cocaine infusion was delivered over a 6-s period, after which the cue light, tone, and pump were inactivated simultaneously. The house light remained activated for a 20-s timeout period, during which lever presses had no scheduled consequences. Responses on the inactive lever had no scheduled consequences. No cocaine priming infusions were given during training.
Extinction Training
Extinction training began the day after self-administration training was completed. Extinction training consisted of 1-h exposures to the self-administration environment across 21-28 consecutive days. During this time, active and inactive lever presses were recorded but had no scheduled consequences (ie did not activate the cocaine infusion pump or cocaine-paired stimuli). Extinction training continued for a minimum of 21 days or until response rates declined to less than 20 responses/h.
Cue Reinstatement Testing
Following extinction training, all animals in this study underwent testing for cue reinstatement on 2 separate days in order to test the effects of the antagonists alone and in combination with d-fenfluramine pretreatment. Separate groups of animals were used to test the effects of each antagonist (total N ¼ 134). Rats within each of the antagonist experiments were assigned to groups that received an assigned dose of either WAY 100635 (0.0, 0.1, 0.3, or 1.0 mg/kg, s.c.; N ¼ 7-8), ketanserin (0.0, 0.3, 1.0, 3.0, or 10.0 mg/kg, i.p.; N ¼ 10-13), or SB 242,084 (0.0, 0.1, 0.3, or 1.0 mg/kg, i.p.; N ¼ 11-13) 30, 45, or 30 min prior to each test, respectively. Assignment to dosage groups was counterbalanced for previous cocaine intake. All of the rats then received another pretreatment 15 min before testing; on one of the test days they received saline and on the other test day they received d-fenfluramine (1.0 mg/kg, i.p.), with order of the two conditions counterbalanced. The preadministration intervals were chosen based on previous studies examining cocaine-mediated behaviors (Schenk, 2000; Fletcher et al, 2002a; Munzar et al, 2002; Burmeister et al, 2003) . To initiate testing, one passive presentation of the cocaine-paired stimulus complex (ie lights, tone, and pump motor) was given. During the remaining 1-h test session, responses on the active lever were reinforced by presentation of the cocaine-paired stimulus complex using an FR 1 schedule. Responses on the active and inactive levers were recorded throughout the 1-h session and the former was used as a measure of cocaine-seeking behavior. The FR 1 schedule was used in place of the VR 5 training schedule because responding for the conditioned stimuli is not maintained on a VR 5 schedule (unpublished observation). Animals were given 4-12 extinction training sessions between the tests to allow extinction baseline response rates to restabilize. The response rate during the extinction session immediately preceding the test days was used as a baseline for cue reinstatement.
Cocaine Reinstatement Testing
After the two cue reinstatement tests, most of the animals were tested two additional times for cocaine-primed reinstatement of cocaine-seeking behavior. These animals received two to six additional 1-h extinction sessions before their first test. Animals were pretreated with the same antagonist as they had received prior to cue reinstatement tests, with dosage groups recounterbalanced for cocaineintake as well as antagonist dose received during cue reinstatement. The doses and preadministration times were the same as those used for cue reinstatement testing. A saline prime was administered immediately before the extinction session on the day preceding each of the cocaine reinstatement tests. The response rate during this session was used as a baseline for cocaine reinstatement tests. Rats were administered the cocaine prime immediately prior to the 1-h test period. In the first experiment, WAY 100635 produced a robust decrease in cocaine-seeking behavior after the 15 mg/kg, i.p. cocaine prime, and therefore, no further testing was conducted. In the second experiment, ketanserin failed to alter cocaine-seeking behavior after the 15 mg/kg, i.p. cocaine prime, and therefore, a lower priming dose of 7.5 mg/kg, i.p. was examined subsequently. In the third experiment, the 7.5 mg/kg i.p. priming dose was examined first to enhance sensitivity for detecting a possible enhancement of cocaine reinstatement by SB 242,084 as found in a previous study (Fletcher et al, 2002a) . Since SB 242,084 failed to alter cocaine reinstatement at this dose, we subsequently examined the effects of SB 242,084 on reinstatement by a 15 mg/kg, i.p. prime. In the latter two experiments, animals received four to five daily 1-h extinction sessions between the two cocaine-primed reinstatement tests. During testing, responses had no scheduled consequences.
Locomotor Activity Testing
Due to a ketanserin-induced increase in response latency observed during cue reinstatement, its effects on locomotor activity were examined to assess whether ketanserin produced a general behavioral disruption. After ketanserin-treated rats had completed all of the tests for cocaineseeking behavior, they were assigned to groups, counterbalanced for previous ketanserin drug history, that received 0.0, 1.0, or 10.0 mg/kg, i.p. (N ¼ 5-8) . At 45 min after ketanserin administration, the rats were placed into Plexiglas cages (44 Â 24 Â 20 cm high) for 60 min. The cages were equipped with a wire-bar floor, a perforated metal lid, and two sets of computer-automated photocells located 32 cm apart and 4 cm above the cage floor which recorded the number of times the rats moved from one end of the cage to the other (ie crosses).
STATISTICAL ANALYSIS
Cocaine intake, baseline responses, response latency, and locomotor activity were analyzed separately for each experiment using one-way ANOVAs with dosage group as a between-subjects factor. For cue reinstatement in each experiment, responses/hour during the reinstatement test session were analyzed using mixed factor ANOVAs with saline vs d-fenfluramine as a within-subjects factor and dose of antagonist as a between-subjects factor. Significant interactions were further analyzed using separate one-way ANOVAs of the saline vs d-fenfluramine test days with dose as a factor. For cocaine reinstatement, responses/hour were analyzed separately for the 7.5 and 15 mg/kg cocaine reinstatement test sessions using a one-way ANOVA with dose of antagonist as a between-subjects factor. Significant main effects were further analyzed using Dunnet tests to compare dosage groups to the vehicle control group. Trend analyses were also performed when the data varied systematically by dose. To verify reinstatement in controls receiving vehicle, planned paired-sample t-tests were conducted to compare responses during a given test session to the respective extinction baseline.
RESULTS
All descriptive statistics given below are presented as the mean 7 SEM.
Self-Administration Training and Extinction
Response rates under the VR 5 schedule during the last 5 days of self-administration training averaged 77.1 7 8.04, 77.0 7 6.89, and 80.3 7 5.70 lever presses/h for WAY 100635, ketanserin, and SB 242,084 experiments, respectively. The total number of cocaine infusions delivered during the self-administration phase for WAY 100635, ketanserin, and SB 242,084 experiments, respectively, averaged 629.4 7 26.7, 565.71 7 24.6, and 554.1 7 23.80, and the number of infusions per 2-h session averaged 22.7 7 0.94, 25.0 7 1.03, and 24.6 7 1.02. Responses/hour on the first day of extinction training for WAY 100635, ketanserin, and SB 242,084 experiments, respectively, averaged 48.4 7 6.5, 51.3 7 4.7, and 77.3 7 7.0. There were no differences across groups on any of these measures. Furthermore, extinction baseline response rates did not differ across groups in any of the experiments for any of the test days, and are therefore shown averaged across groups to simplify data presentation (see Figures 1 and 2) .
Cue Reinstatement
On all reinstatement test days in this study, responses on the inactive lever were negligible (ie group means p6 responses/h; data not shown). In each of the three experiments, controls pretreated only with vehicle exhibited an increase in responding relative to their extinction baseline (t's(7-12) ¼ 2.64-7.07; Po0.05), indicating that response-contingent cues reinstated extinguished cocaineseeking behavior. The overall ANOVA of responding during cue reinstatement in animals pretreated with WAY 100635 revealed a main effect of d-fenfluramine pretreatment (F(1,27) ¼ 22.68, Po0.001), but no effect of dose of WAY 100635 nor an interaction. Thus, WAY 100635 failed to alter cue reinstatement, as well as the d-fenfluramine-induced attenuation of cue reinstatement (see Figure 1a) . WAY 100635 also failed to alter response latency, whereas d-fenfluramine increased response latency (F(1,27) ¼ 8.17, Po0.01) (see Table 1 ).
The overall ANOVA of responding during cue reinstatement in animals pretreated with ketanserin revealed main effects of ketanserin dose (F(4,50) ¼ 3.61, P ¼ 0.05) and d-fenfluramine pretreatment (F(1,50) ¼ 10.30, Po0.005), but no interaction. Ketanserin pretreatment dose-dependently decreased cue reinstatement of cocaine-seeking behavior regardless of whether animals received vehicle or d-fenfluramine pretreatment (see Figure 1b) , with a significant decrease in responding at 3.0 and 10.0 mg/kg doses relative to vehicle (Dunnet test, Po0.05; see inset in Figure 1b ). Ketanserin also increased response latency (F(4,50) ¼ 7.83, Po0.001), with post hoc analyses revealing an increase at the 10.0 mg/kg dose relative to vehicle (Dunnet test, Po0.001; see Table 1 ).
The overall ANOVA of responding during cue reinstatement in animals pretreated with SB 242,084 revealed a main effect of d-fenfluramine pretreatment (F(1,44) revealed a significant linear trend for SB 242,084 to reverse the d-fenfluramine-induced attenuation of cue-elicited responding (Po0.05), with a significant increase observed at the 1.0 mg/kg dose relative to vehicle (Dunnet test, P ¼ 0.05; see Figure 1c ). SB 242,084 failed to reliably alter response latency (see Table 1 ).
Cocaine Reinstatement
In each experiment, controls pretreated with vehicle alone exhibited an increase in responding relative to their extinction baseline at both cocaine priming doses (t's(6-11) ¼ 2.58-5.04; Po0.05), indicating that cocaine priming reinstated extinguished cocaine-seeking behavior. WAY 100635 attenuated cocaine-primed reinstatement of cocaine-seeking behavior (F(3,26) ¼ 4.59, Po0.05) (see Figure 2a) . Post hoc analyses indicated a decrease in response rates at the 0.1, 0.3, and 1.0 mg/kg doses relative to vehicle (Dunnet test, Pp0.05). Neither ketanserin nor SB 242,084 significantly altered cocaine-primed reinstatement of cocaine-seeking behavior at either the 7.5 or 15 mg/kg cocaine priming dose (see Figure 2b and c).
Locomotor Activity
The overall ANOVA of locomotor activity revealed no effect of ketanserin dose (F(2,16) ¼ 0.323, P ¼ 0.7) (data not shown).
DISCUSSION
The results revealed differential effects of 5-HT receptor antagonists on cocaine-seeking behavior reinstated by cues vs cocaine priming. The 5-HT 1A receptor antagonist, WAY 100635, failed to alter reinstatement of cocaine-seeking behavior by response-contingent cocaine-paired cues, but attenuated cocaine-primed reinstatement. Conversely, the 5-HT 2A/C receptor antagonist, ketanserin, attenuated reinstatement of cocaine-seeking behavior by responsecontingent cocaine-paired cues, but failed to alter cocaineprimed reinstatement. The selective 5-HT 2C receptor antagonist, SB 242,084, failed to alter either cue or cocaine-primed reinstatement when administered alone, but was the only drug that reversed the d-fenfluramineinduced attenuation of cue reinstatement.
The findings suggest that 5-HT 1A receptors are not involved in cue reinstatement, but are critical for mediating cocaine-primed reinstatement. The results are consistent with previous studies demonstrating that WAY 100635 attenuates cocaine-primed reinstatement (Schenk, 2000) , but fails to alter reinstatement by a discriminative cue previously associated with cocaine availability (Cervo et al, 2003) . The demonstration of differential effects of WAY 100635 on cue vs cocaine-primed reinstatement in the same animals in the present study offers strong evidence that the effects of WAY 100635 are selective for cocaine-seeking behavior elicited by cocaine priming. Furthermore, since the effective doses of WAY 100635 did not alter responding or response latency during cue reinstatement tests, the decrease in cocaine-primed reinstatement is not simply due to a general disruption of operant behavior. The selective decrease in cocaine-primed reinstatement suggests that WAY 100635 specifically attenuates the incentive motivational effects of cocaine priming. It is unlikely that WAY 100635 attenuates cocaine-primed reinstatement by altering the discriminative stimulus effects of the cocaine prime since 5-HT 1A receptors do not play a critical role in these effects (Przegalinski and Filip, 1997; De La Garza et al, 1998) . However, it remains unclear whether WAY 100635 directly alters motivation or some other process, such as reduction of anxiety (Cao and Rodgers, 1997; Griebel et al, 2000) or stimulant effects of cocaine (Carey et al, 2001) , which may indirectly influence motivation. It is also unclear whether the effects of WAY 100635 are due to blockade of postsynaptic 5-HT 1A receptors or to an increase in extracellular 5-HT levels via blockade of somatodendritic 5-HT 1A autoreceptors. Indeed, WAY 100635 has been shown to attenuate cocaine-induced locomotor activity while increasing extracellular 5-HT, but not dopamine, in the nucleus accumbens and hippocampus (Muller et al, 2002a, b) . Thus, a WAY 100635-induced increase in extracellular 5-HT in cocaine-primed animals by blockade of 5-HT 1A autoreceptors may mediate the attenuation of cocaine-primed reinstatement via enhanced stimulation of 5-HT receptors other than the 5-HT 1A subtype.
In contrast to the evidence for a role of 5-HT 1A receptors in cocaine reinstatement, the present study failed to find Antagonist dose (mg/kg) +Vehicle +d-fen* +Vehicle +d-fen +Vehicle +d-fen 0.0 2.0 7 0.6 18.0 7 9.2 13.5 7 6.1 9.2 7 4.8 5.0 7 2.1 17.2 7 6.3 0.1 9.2 7 7.3 20.5 7 10.0 3.8 7 2.6 5.7 7 3.9 0.3 1.2 7 0.7 15.6 7 9.7 19.8 7 8.9 13.4 7 7.4 10.2 7 5.6 1.7 7 0.8 1.0 13.3 7 8.6 34.4 7 11.9 10.3 7 6.0 8.6 7 4.2 10.5 7 6.1 10.9 7 6.1 3.0 22.5 7 8.7 23.8 7 7.9 10.0 39.6 7 7.0** 49.6 7 7.0** *Significant difference from vehicle, ANOVA main effect (Po0.01). **Significant difference from vehicle, Dunnet test (Po0.001).
evidence for a role of 5-HT 2C receptors in cocaine-primed reinstatement. The finding that the 5-HT 2C -selective antagonist, SB 242,084, failed to alter cocaine-primed reinstatement was surprising given that previous research has shown this drug enhances reinstatement after a 10 mg/ kg, i.p. cocaine prime (Fletcher et al, 2002a) . Furthermore, the 5-HT 2C agonist, Ro 60-0175, attenuates cocaine-primed reinstatement (Grottick et al, 2000) , providing further evidence for a role of 5-HT 2C receptors in this behavior. SB 242,084 likely enhances cocaine-primed reinstatement by enhancing dopamine neurotransmission since previous research has shown that 5-HT 2C receptors inhibit mesocorticolimbic dopamine release , 2000a , which is thought to play a role in cocaine-primed reinstatement of cocaine-seeking behavior (Weissenborn et al, 1996; Khroyan et al, 2000; Alleweireldt et al, 2002) . The reason for the discrepancy in the effects of SB 242,084 on cocaine reinstatement across studies is unclear, but may be due to differences in cocaine priming and/or SB 242,084 doses tested. In the present study, we first examined the effects of a relatively low cocaine priming dose (7.5 mg/kg, i.p.) to allow for sensitivity to detect the predicted SB 242,084-induced increase in the effectiveness of the cocaine prime. However, animals in this experiment exhibited a more robust reinstatement at the 7.5 mg/kg priming dose than expected, and response rates were similar to that observed on the subsequent test with the 15 mg/kg priming dose. Therefore, we may not have detected enhancement by SB 242,084 due to a ceiling effect (see Figure 2c) . The finding that the 5-HT 2A/C antagonist, ketanserin, failed to alter cocaine-primed reinstatement was not surprising given that previous research has shown that the general 5-HT 2 receptor antagonist, ritanserin, has no effect on this behavior (Schenk, 2000) . Furthermore, Fletcher et al (2002a) have reported opposing actions of 5-HT 2A and 5-HT 2C antagonists on cocaine-primed reinstatement of cocaine-seeking behavior, with the 5-HT 2A receptor antagonist, MDL 100907, attenuating and the 5-HT 2C antagonist, SB 242,084, facilitating this behavior. This finding suggests that the competition between effects produced by antagonism of 5-HT 2A and 5-HT 2C receptors following ketanserin likely results in mutual reversal such that no net effect is observed.
Ketanserin attenuated cue reinstatement of cocaineseeking behavior, whereas SB 242,084 had no effect on cue reinstatement when given alone. The effect of ketanserin was selective for reinstatement by response-contingent cue since there was no significant effect of ketanserin on cocaine-primed reinstatement. This finding suggests that the ketanserin-induced attenuation of cue reinstatement was not due to general disruption of operant behavior. The finding that ketanserin did not alter locomotor activity is consistent with previous research (McMahon and Cunningham, 2001b ) and further suggests that the effect of ketanserin on cue reinstatement was not due to disruption of motor function. Ketanserin likely attenuated the conditioned reinforcing effects of the response-contingent cues, consistent with previous research demonstrating that ketanserin suppresses responding for other conditioned reinforcers (Fletcher et al, 2002b) . The finding that SB 242,084 had no effect suggests that decreasing stimulation and SB 242, ) (c) on reinstatement of cocaine-seeking behavior by i.p. cocaine priming doses of either 7.5 mg/kg (&) or 15.0 mg/ kg ('). Cocaine-seeking behavior is expressed as mean responses/hour ( 7 SEM). Animals in the ketanserin experiment received the 15 mg/kg prime prior to their first test and the 7.5 mg/kg prime prior to their second test, whereas animals in the SB 242,084 experiment received the 7.5 mg/kg prime prior to their first test and the 15 mg/kg prime prior to the second test (see Materials and methods for rationale for order of tests). Baseline (BL) response rates were obtained during the extinction session the day prior to testing and animals received a saline prime immediately before the extinction baseline session. Asterisks (*) represent a significant difference from vehicle (Dunnet test, Pp0.05).
5-HT and cocaine-seeking behaviorof 5-HT 2C receptors alone does not attenuate cue reinstatement. Therefore, the effect of ketanserin may result from its action of blocking 5-HT 2A receptors, an action that may predominate given that ketanserin has a higher affinity for 5-HT 2A receptors relative to 5-HT 2C and 5-HT 2B receptor subtypes (pK i ¼ 8.9, 7.0, and 5.4, respectively; Baxter et al, 1995) . Alternatively, it is possible that a-adrenergic receptors may be involved in the attenuation of cue reinstatement since ketanserin also has affinity for these receptors (pK i ¼ 8.0, 8.3, and 7.6 for a-1a, 1b, and 1c, respectively; Israilova et al, 2002) . Further research is needed to investigate these possibilities. However, if the effect of ketanserin on cue reinstatement is 5-HT 2A receptor mediated, this would suggest that stimulation of 5-HT 2A receptors may facilitate cue reinstatement of cocaineseeking behavior, similar to that suggested for cocaineprimed reinstatement (Fletcher et al, 2002a) .
Consistent with our previous research (Burmeister et al, 2003) , d-fenfluramine attenuated cue reinstatement, and this effect was reversed by SB 242,084. Previous research has shown that SB 242,084 does not alter basal locomotor activity (Fletcher et al, 2002b) , but does potentiate d-fenfluramine-induced hyperactivity (Higgins et al, 2001) . However, it is unlikely that the reversal of d-fenfluramine-induced attenuation of cue reinstatement is due to an increase in locomotor activity since response latency did not differ across tests with d-fenfluramine alone vs coadministration with SB 242,084 (see Table 1 ). Furthermore, these findings are consistent with a recent report that SB 242,084 reverses the attenuating effects of 3,4-methylenedioxymethamphetamine (MDMA) on responding for a conditioned reinforcer (Fletcher et al, 2002b) . MDMA is an amphetamine derivative that produces greater release of 5-HT relative to dopamine (Rothman et al, 2001) . It is likely that MDMA-induced suppression of responding for a conditioned reinforcer is due to enhanced 5-HT since 5-HT indirect agonist suppress, and dopamine indirect agonist enhance, responding for conditioned reinforcers (Robbins et al, 1983; Fletcher, 1995) . Furthermore, the SB 242,084-induced reversal of this effect suggests it is mediated via increased stimulation of 5-HT 2C receptors. The d-fenfluramine-induced attenuation of cue reinstatement is also likely mediated by an increase in 5-HT 2C receptor stimulation via increased 5-HT release (Rowland and Carlton, 1986; Leferrere and Wurtman, 1989) , as well as direct 5-HT 2C agonist actions of the parent compound and its active metabolite (Curzon et al, 1997; Rothman and Baumann, 2002) since the effect is reversed by SB 242,084. This finding suggests that increased stimulation of 5-HT 2C receptors inhibits cue reinstatement of cocaine-seeking behavior.
In contrast to the effect of SB 242,084, ketanserin appeared to exacerbate the inhibitory effect of d-fenfluramine on cue reinstatement. The latter effect may involve an action of ketanserin at 5-HT 2A receptors or a-adrenergic receptors given the pharmacology of this drug discussed above. Although further pharmacological investigation is needed to determine which of these mechanisms is involved, given the opposing roles of 5-HT 2A and 5-HT 2C receptors in other psychostimulant-related behaviors (McMahon et al, 2001; McMahon and Cunningham 2001a; Fletcher et al, 2002a) , it seems likely that ketanserin further decreased cue reinstatement of cocaine-seeking behavior by blocking 5-HT 2A receptors. If this hypothesis is correct, then decreased stimulation of 5-HT 2A receptors may inhibit cue reinstatement of cocaine-seeking behavior.
In conclusion, the results of this study suggest that stimulation of 5-HT 1A receptors plays a critical role in cocaine-primed reinstatement, but not cue reinstatement. Furthermore, increasing stimulation of 5-HT 2C receptors inhibits cue reinstatement of cocaine-seeking behavior and we hypothesize that decreasing stimulation of 5-HT 2A receptors may also inhibit this behavior. Further research is needed to determine whether the drug interactions observed in this study involve the hypothesized receptor systems and/or whether the drugs alter each others bioavailability. In addition, research examining chronic administration of the 5-HT receptor antagonists is needed to investigate possible clinical applications for the treatment of cocaine dependence. Importantly, the differential effects of 5-HT 1A receptor antagonism on cue vs cocaine-primed reinstatement suggest that different interventions may be needed for decreasing incentive motivational effects of these stimuli.
